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Methods of forming a deep trench capacitor memory device
and logic devices on a single chip with hybnid surface
orientation. The methods allow for fabrication of a system-
on-chip (SoC) with enhanced performance including n-type
complementary metal oxide semiconductor (CMOS) device
SOI arrays and logic transistors on (100) surface orientation
s1licon, and p-type CMOS logic transistors on (110) surface
orientation silicon. In addition, the method fabricates a
silicon substrate trench capacitor within a hybnd surface
orientation SOI and bulk substrate. Cost-savings 1s realized
in that the array mask open and patterning for silicon
epitaxial growth 1s accomplished in the same step and with
the same mask.
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TRENCH CAPACITOR WITH HYBRID
SURFACE ORIENTATION SUBSTRATE

TECHNICAL FIELD

The present invention relates generally to semiconductor
device fabrication, and more particularly, to methods of

forming semiconductor devices on a hybrnid surface orien-
tation and a structure so formed.

RELATED ART

Performance improvement of semiconductor devices 1s a
never-ending endeavor for manufacturers of those devices.
One challenge currently faced by the semiconductor indus-
try 1s implementing memory and logic devices on a single
chip while maintaining process simplicity and transistor
performance. These devices are referred to as “system-on-
chips” (SoC) because the electronics for a complete, work-
ing product are contained on a single chip. One approach
that 1s currently employed to improve performance of a SoC
1s to fabricate the different types of logic devices on silicon
substrates having optimal surface orientations. As used
herein, “surface orientation™ refers to the crystallographic
structure or periodic arrangement of silicon atoms on the
surface ol a waler. In particular, an nFET can be optimized
by being generated on silicon having a (100) surface orien-
tation, while a pFET can be optimized by being generated on
silicon having a (110) surface orientation. In addition,
memory devices and n-type field eflect transistors (nFETs)
are typically optimized when generated on silicon-on-insu-
lator (SOI) substrates, while p-type FETS (pFETs) are

typically optimized when generated on bulk silicon.

In addition to the above challenges, fabricating the above
hybrid ornientation logic devices and memory devices (e.g.,
a silicon deep trench capacitor used for dynamic random
access memory (DRAM)) together presents additional chal-
lenges. In particular, deep trench capacitor memory devices
typically require different masks for opening a deep trench
for the capacitor and for patterning for silicon epitaxial
growth for the pFET logic devices, which adds expense. In
addition, memory devices may also have optimal substrate
requirements. For example, memory devices are typically
optimized when generated on SOI substrates, similar to

nFETs.

In view of the foregoing, fabrication of memory devices
and the different types of logic devices while maintaining
performance 1s dithicult. There 1s a need in the art for
improved methods of fabricating memory and logic devices
on a single chip with hybrid surface orientation.

SUMMARY OF THE INVENTION

The 1nvention includes methods of forming a deep trench
capacitor memory device and logic devices on a single chip
with hybrid surface orientation. The methods allow for
fabrication of a system-on-chip (SoC) with enhanced per-
formance including n-type complementary metal oxide
semiconductor (CMOS) device SOI arrays and logic tran-
sistors on (100) surface orientation silicon, and p-type
CMOS logic transistors on (110) surface orientation silicon.
In addition, the method fabricates a silicon substrate trench
capacitor within a hybrid surface orientation SOI and bulk
substrate. Cost-savings 1s realized in that the array mask
open and patterming for silicon epitaxial growth 1s accom-
plished 1n the same step and with the same mask.
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2

A first aspect of the mnvention 1s directed to a method of
forming a deep trench capacitor memory device and logic
devices on a single chip with hybrid surface orientation, the
method comprising the steps of: providing a bulk silicon
substrate having a first surface orientation and a silicon-on-
insulator (SOI) region thereon having a second, different
surface orientation; forming a first and a second opening
through the SOI region to the bulk silicon substrate using a
hard mask; forming a spacer in each opening; forming a
dielectric capped epitaxially grown silicon in the second
opening; opemng a deep trench into the bulk silicon sub-
strate through the first opening; forming the deep trench
capacitor in the deep trench; forming shallow trench 1sola-
tions; and forming the logic devices.

A second aspect includes a method of preparing a sub-
strate for forming a deep trench capacitor memory device
and logic devices on a single chip with hybrid surface
orientation, the method comprising the steps of: providing a
bulk silicon substrate having a first surface orientation and
a silicon-on-insulator (SOI) region thereon having a second,
different surface orientation; using a single hard mask for
forming: a first opening through the SOI region to be used
for fabricating the deep trench capacitor, and a second
opening through the SOI region to the bulk silicon substrate
for fabricating a first type logic device on the first surface
orientation.

A third aspect of the invention 1s directed to an electronic
structure comprising: a bulk silicon substrate having a first
surface orientation and a silicon-on-insulator (SOI) region
thereon having a second, diflerent surface orientation; and
an electronic device vertically positioned partially within the
SOI region and partially within the bulk silicon substrate.

The foregoing and other features of the mvention will be

apparent from the following more particular description of
embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments of this mvention will be described 1n
detail, with reference to the following figures, wherein like
designations denote like elements, and wherein:

FIG. 1 shows an electronic structure formed according to
one embodiment of the invention.

FIGS. 2-10 show steps of one embodiment of a method
for forming the electronic structure of FIG. 1.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

With reference to the accompanying drawings, FIG. 1
illustrates a system-on-chip electronic structure 10 having a
deep trench capacitor memory device and logic devices on
a single chip with hybrnid surface orientation, which 1is
fabricated according to one embodiment of a method
according to the invention. Structure 10 includes a bulk
silicon underlying substrate 12 having a first surface orien-
tation, e.g., (110), and a silicon-on-insulator (SOI) region 14
thereon having a second, different surface orientation, e.g.,
(100). SOI region 14 1ncludes a silicon layer 16 on a buried
silicon dioxide (BOX) 18. An nFET array 30 1s positioned on
one part ol SOI region 14 separated from a first type logic
device 32 (e.g., nFET) on another part of SOI region 14 by
a shallow trench 1solation (STT) 34. Accordingly, both nFET
array 30 and first logic device 32 are positioned on the
second surface orientation, e.g., (100), of SOI 12. First type
logic device (nFET) 32 1s separated from a second type logic
device 40, e.g., pFET, by another STI 44. Second type logic
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device 40 1s positioned on an epitaxial silicon region 42
extending through SOI region 14 to bulk silicon substrate
12. Epitaxial silicon region 42 has the first surface orienta-
tion, e.g., (110), of bulk silicon substrate 12.

Structure 10 also includes an electronic device 50, which
will be described herein as a deep trench capacitor, although
it could be other devices such as gain memory cells, non-
planar MOSFET transistors, FINFETS, bipolar transistor
devices, Static Random Access Memory (SRAM) cells, tlash
memory, passive electronic elements such as resistors,
capacitors, fuses, diodes and electrostatic protection devices,
and latchup protection devices. As a trench capacitor, elec-
tronic device 50 includes a doped, buried plate 52, a node
dielectric 54 surrounding a typically doped polysilicon filled
trench region 56. Trench capacitor S0 1s vertically positioned
partially within SOI region 14 and partially within bulk
silicon substrate 12, and 1s electrically separated from SOI
region 14 by STI 34. Trench capacitor 50 also includes an
upper portion 60 adjacent SOI region 14, and a lower portion
62 that 1s (optionally) wider than upper portion 60 posi-
tioned. Lower portion 62 1s positioned below buried silicon
dioxide 18 of SOI region 14. Buried plate 52 surrounds
lower portion 62.

Referring to FIGS. 2-9, one embodiment of a method of
forming structure 10 will now be described. FIG. 2 1llus-
trates a number of steps mcluding a first step in which a bulk
silicon substrate 12 1s provided having a first surface orien-
tation, e.g., (110), and a silicon-on-nsulator (SOI) region 14
thereon 1s provided having a second, different surface ori-
entation, e.g., (100).

FIG. 2 also illustrates forming a first opening 80 and a
second opening 82 through SOI region 14 to bulk silicon
substrate 12 using a hard mask 84, 1.¢., pattern, dry etching.
First opening 80 will be used for forming deep trench
capacitor 18 (FIG. 1), and second opening 82 will be used
for forming epitaxial silicon region 42 (FIG. 1) upon which
1s ultimately formed a logic device 40 (FIG. 1), as will be
described below. Accordingly, a single hard mask 84 1s used
to form first opeming 80 through SOI region 14 to be used for
tabricating deep trench capacitor 50, and second opening 82
through SOI region 14 to bulk silicon substrate 12 for
tabricating a logic device 40 on the first surface orientation,
¢.g., (110). Hard mask 84 may include, for example, silicon
nitride or any other conventional hard mask material. As also
shown, first opening 80 may have a width W1 that 1s not as
wide as second opening 82, which has a width W2, 1.¢.,
W2>W1.

FIGS. 3 and 4A show a next step 1n which a spacer 86
(FIG. 4A) 1s formed 1n each opening. Spacer 86 (FIG. 4A)
may be formed by any now known or later developed
fashion such as thin conformal deposition such as low
pressure chemical vapor deposition (LPCVD) followed by
an anisotropic etch. Spacer 86 (FIG. 4A) may include, for
example, silicon nitride or any other conventional spacer
material. In one embodiment, spacer 86 has a thickness that
1s less than one-third of the diameter W1 (FIG. 2) of first
opening 80.

FIGS. 4A—4B and FIGS. 5A-S5E 1illustrate two alternative
embodiments for forming a dielectric capped epitaxially
grown silicon in second opening 82. Referring to the first
embodiment shown 1n FIGS. 4A-4B: A first step, shown 1n
FIG. 4A, includes epitaxially growing silicon 88 in each
opening 80, 82 such that epitaxial silicon 88 has the first
surface orientation, e.g., (110). Next, as also shown 1n FIG.
4 A, a dielectric cap 90 1s formed over epitaxial silicon 88 1n
cach opening 80, 82, and planarized by chemical mechanical
polishing (CMP). This step may include, for example,
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4

planarizing and recessing epitaxial silicon 88 in each open-
ing 80, 82 (e.g., by a wet chemical etch or dry etch such as
sulfur hexatlouride (SF)), depositing dielectric 90 (e.g., by
LPCVD) and then planarizing again. In one embodiment,
dielectric cap 90 may include silicon dioxide. However, this
1s not necessary. Finally, as shown 1n FIG. 4B, dielectric cap
90 1s removed from 1n first opening 80 to epitaxial silicon 88
using a block mask 89 of, for example, silicon carbide (S1C),
silicon nitride (S1,N,) or other organic mask material.

The second embodiment for forming a dielectric capped
epitaxially grown silicon 1 second opening 82 includes:
First, as shown 1n FIG. 5A, conformally depositing a first
dielectric 92 to substantially fill first opening 80 and par-
tially fill second opening 82. This occurs where first opening
80 has a width W1 that 1s not as wide as second opening 82,
which has a width W2, 1.e., W2>W1. In one embodiment,
first dielectric 92 i1s silicon dioxide. However, other confor-
mal dielectrics may also be used. Next, as shown 1n FIG. 5B,
first dielectric 92 1s removed from second opening 82. As
shown 1n FIG. 5C, epitaxially growing silicon 94 in second
opening 82 such that epitaxial silicon 94 has the first surface
orientation, e.g., (110), 1s next. A second dielectric cap 96 1s
then formed over epitaxial silicon 94 1n second opening 82,
as shown 1 FIG. SD. Second dielectric may include silicon
nitride. However, this 1s not necessary. Finally, as shown in
FIG. SE, first dielectric 92 1s removed from first opening 80.

Next, as shown 1n FIG. 6, opening a deep trench 100 into
bulk silicon substrate 12 through first opening 80 1s con-
ducted. I the FIGS. 4A-B embodiment 1s used, this step
includes opening deep trench 100 through epitaxial silicon
88 (FIG. 4B) remaining in {irst opening 80 after removal of
dielectric 90 (FIG. 4A). Block mask 89 (FIG. 4B) may be
removed, as shown 1n FIG. 6, or 1t may be left 1n place and
a highly selective anisotropic dry etch (e.g., chlorine (Cl),
HBR, silicon tetrachloride (S1Cl,) containing a dry etch feed
gas) used to pattern deep trench 100.

FIG. 7 illustrates an optional step of widening deep trench
100 1n bulk silicon substrate 12 and below SOI region 14,
1.€., below buried silicon dioxide 18, to increase a storage
capacitance of capacitor 50 (FIG. 1) using, for example, an
1sotropic silicon etch. In addition, this step may include
forming buried plate 52 in widened deep trench 100 to
enhance trench capacitance. Buried plate 52 may be formed,
for example, by diflusion 1n an arsenic (As) contammg gas.
or deposition of an As containing thin film and diffusion
followed by a wet stripping. Spacer 86 protects SOI region
14 during the above processing, and can be removed there-
alter from first opening 80.

FIGS. 8-9 show the step of forming deep trench capacitor
50 1n deep trench 100 (FIG. 7). This step may include, first,
depositing a node dielectric 34 1n first opeming 80 and deep
trench 100 (FIG. 7), as shown i FIG. 8. As also shown 1n
FIG. 8, the second part includes filling first opening 80 and
deep trench 100 (FIG. 7) with a doped node polysilicon 110,
¢.g., an As doped polysﬂlcon by LPCVD followed by CMP.
Third, as shown 1n FIG. 9, doped node polysilicon 110 1s
removed from 1n first opening 80, e.g., to approximately an
upper surface of buried silicon dioxide 18, although this 1s
not necessary. The removal may be, for example, by a dry
ctch such as SF, and a feed gas. Node dielectric 54 1s then
removed from a sidewall of first opening 80 above buried
s1licon dioxide 18 of SOI region 14 using, for example, a wet
or dry 1sotropic etch such as hydrofluoric acid (HF) and
cthylene glycol. As an option at this stage, a sidewall
nitridation (not shown) may be formed on the sidewall of
first opening 80 to provide an interface, diffusion, re-crys-
tallization barrier. This nitridation may be very thin, e.g.,
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approximately 10 A. Next, as shown in FIG. 9, first opening
80 1s filled with polysilicon 112, e.g., intrinsic or As doped
polysilicon using LPCVD, and planarized.

Turning to FIG. 10, the final steps of the method 1nclude
carrying out conventional processing to prepare for further
structures including, for example, recessing polysilicon 94,
112 to be coplanar with silicon 16 of SOI region 14,
stripping hard mask 84 (FIG. 9) and dielectric cap 96 (FIG.
9), and depositing a path nitride and stripping. Forming
shallow trench 1solations 34, 44 (FI1G. 1 also) and 120 using
photolithography and dry etch 1s next, followed by forming,
of logic devices (e.g., nFET 32 and pFET 40 1n FIG. 1) and
perhaps turther memory devices (e.g., nFET array 30 in FIG.
1). Since different surface orientations are exposed, different

structure can be placed on different surface orientations. As
shown 1n FIG. 1, NMOS array 30 and nFET 32 are placed

on (100) surface orientation of SOI region 14, and pFET 40
1s placed on (110) surface orientation of epitaxial silicon
region 42. While particular surface orientations and struc-
ture have been 1llustrated, 1t should be recognized that other
configurations are also possible. For example, SOI region 14
could have a (110) surface orientation and substrate 12 could
have a (100) surface orientation such that epitaxial silicon
region 42 has the (100) surface orientation. In this case, logic
NMOS may be built on bulk epitaxial silicon region 42 and
PMOS on (110) surface orientation SOI region 14. In
another example, other configurations including SOI and
bulk with different semiconductor materials such as I1I-V
compounds, and other combinations of crystalline orienta-
tions 1ncluding (111) could be used.

While this mvention has been described in conjunction
with the specific embodiments outlined above, it 1s evident
that many alternatives, modifications and variations will be
apparent to those skilled 1n the art. Accordingly, the embodi-
ments of the invention as set forth above are mtended to be
illustrative, not limiting. Various changes may be made
without departing from the spirit and scope of the invention
as defined 1n the following claims.

What 1s claimed 1s:

1. A method of forming a deep trench capacitor memory
device and logic devices on a single chip with hybrid surface
orientation, the method comprising the steps of:

providing a bulk silicon substrate having a first surface

ortentation and a silicon-on-insulator (SOI) region

thereon having a second, different surface orientation;
forming a first and a second opening through the SOI

region to the bulk silicon substrate using a hard mask;
forming a spacer in each opening;

forming a dielectric capped epitaxially grown silicon in

the second opening;

opening a deep trench into the bulk silicon substrate

through the first opening;
forming the deep trench capacitor 1n the deep trench;
forming shallow trench 1solations; and
forming the logic devices.

2. The method of claim 1, wherein the first surface
orientation 1s (110) and the second surface orientation 1is
(100).

3. The method of claim 1, wherein the first and second
opening forming step includes using a single mask, pattern-
ing and etching.

4. The method of claim 1, wherein the dielectric capped
epitaxially grown silicon forming step includes:

epitaxially growing silicon 1n each opeming such that the

epitaxial silicon has the first surface orientation;
forming a dielectric cap over the epitaxial silicon 1n each
opening; and
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removing the dielectric cap 1n the first opening to the

epitaxial silicon.

5. The method of claim 4, wherein the dielectric cap
forming step includes: planarizing and recessing the epi-
taxial silicon 1n each opening, depositing the dielectric and
then planarizing the dielectric.

6. The method of claim 1, wherein the first opening 1s less
wide than the second opening, and the dielectric capped
epitaxially grown silicon forming step includes:

conformally depositing a first dielectric to substantially

{11l the first opening and partially fill the second open-
12,

removing the first dielectric from the second opening;

epitaxially growing silicon in the second opening such

that the epitaxial silicon has the first surface orienta-
tion;

forming a second dielectric cap over the epitaxial silicon

in the second opening; and

removing the first dielectric from the first opening.
7. The method of claim 1, further comprising the steps of:

widening the deep trench 1n the bulk silicon region and
below the SOI region; and
forming a buried plate 1n the widened deep trench.
8. The method of claim 1, wherein the trench capacitor
forming step includes:
depositing a node dielectric 1n the first opeming and the
deep trench;
first filling the first opening and the deep trench with a
doped node polysilicon;
recessing the doped node polysilicon 1n the first opening;
removing the node dielectric from a sidewall of the first
opening above a buried oxide of the SOI region;
second filling the first opening with polysilicon and
planarizing.
9. The method of claim 8, further comprising forming a
sidewall nitridation on the sidewall of the first opening prior
to the second filling step.

10. A method of preparing a substrate for forming a deep
trench capacitor memory device and logic devices on a
single chip with hybrid surface orientation, the method
comprising the steps of:

providing a bulk silicon substrate having a first surface
ortentation and a silicon-on-insulator (SOI) region
thereon having a second, different surface orientation;

using a single hard mask for forming:

a first opening through the SOI region to be used for
fabricating the deep trench capacitor, and

a second opening through the SOI region to the bulk
s1licon substrate for fabricating a first type logic device
on the first surface orientation.

11. The method of claim 10, wherein the dielectric capped
epitaxially grown silicon forming step includes:

epitaxially growing silicon 1n each opening such that the
epitaxial silicon has the first surface orientation;

forming a dielectric cap over the epitaxial silicon 1n each

opening; and

removing the dielectric cap 1n the first opening to the

epitaxial silicon.

12. The method of claim 11, wherein the dielectric cap
forming step includes: planarizing and recessing the epi-
taxial silicon 1n each opening, depositing the dielectric and
then planarizing the dielectric.

13. The method of claim 10, wherein the first opening 1s
less wide than the second opening, and the dielectric capped
epitaxially grown silicon forming step includes:
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conformally depositing a first dielectric to substantially
{111 the first opening and partially fill the second open-
112,

removing the first dielectric from the second opening;

epitaxially growing silicon in the second opening such
that the epitaxial silicon has the first surface orienta-
tion;

forming a second dielectric cap over the epitaxial silicon
in the second opening; and

removing the first dielectric from the first opening.

5

8

14. The method of claim 10, further comprising the steps
of:
widening the deep trench 1n the bulk silicon region and
below the SOI region; and
forming a buried plate 1n the widened deep trench.
15. The method of claim 10, wherein the first surface
orientation 1s (110) and the second surface orientation 1is

(100).
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